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(57)Abstract: 

PURPOSE: To reduce a source--to-drain leak current by 
forming a gate silicon oxide film to a stepped cross 
sectional contour wherein the gate silicon oxide film is 
thicker in a side surface than in an upper surface of a 
polycrystalline silicon island and is further thicker in a 
bottom end part than in an upper end part in the side 
surface thereof. 

CONSTITUTION: A gate silicon oxide film 12 is made 

thicker in a side surface than irv an upper surface of a - 

polycrystalline silicon island 6. The gate silicon oxide film 
12 is made further thicker in a bottom end part B than in 
an upper end part A in the side surface and is provided 
with a stepped cross sectional contour whose sharpness 
is relaxed. Since the gate silicon oxide film 12 has such 
features of contour, it is possible to make a parasitic 
MOS transistor formed at a side surface of the single 
crystalline silicon island 6 inactive and to reduce a 
source-to-drain leak current greatly. Furthermore, it is 
also possible to prevent lowering of dielectric breakdown 
voltage of the gate silicon oxide film 12 generated at the side surface. 
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con oxide film is thicker in a side surface than in an upper surface of a 
ycrystalline silicon island and is further thicker in a bottom end part than 
an upper end part in the side surface thereof. 

)NSTITUTION: A gate silicon oxide film 12 is made thicker in a side 
-face than in an upper surface of a polycrystalline silicon island 6. The 
:e silicon oxide film 1 2 is made further thicker in a bottom end part B 
in in an upper end part A in the side surface and is provided with a 
jpped cross sectional contour whose sharpness is relaxed. Since the 
:e silicon oxide film 12 has such features of contour, it is possible to 
ke a parasitic MOS transistor formed at a side surface of the single 
'stalline silicon island 6. inactive and to reduce a source-to-drain leak 
-rent greatly. Furthermore, it is also possible to prevent lowering of 
lectric breakdown voltage of the gate silicon oxide film 12 generated at 
i side surface. 
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OTICES* 

an Patent Office is not responsible for any 
ages caused by the use of this translation. 

his document has been translated by computer. So the translation may not reflect the original precisely. 
"** shows the word which can not be translated, 
i the drawings, any words are not translated. 



\IMS 



rim 1] In the MOS transistor of the mesa type isolation construction which has a gate silicon oxide on the upper 
ice and the side of a single-crystal-silicon island which were formed on the insulating layer Thickness is thicker 
l the gate silicon oxide by which the gate silicon oxide formed in the side of the aforementioned single-crystal- 
x>n island was formed in the upper surface of the aforementioned single-crystal-silicon island near both [ of the 
er-limit section of the aforementioned side, and a bottom edge ]. And the MOS transistor characterized by being 
k thin by the aforementioned bottom edge, and the gate silicon oxide formed in the side of the aforementioned 
Tie-crystal-silicon island having a stair-like cross-section configuration rather than the upper-limit section of the 
rementioned side. 

lim 2] The MOS transistor of the mesa type isolation construction which has a gate silicon oxide on the upper 
face and the side of a single-crystal-silicon island which are characterized by providing the following, and which 
e formed on the insulating layer The deposition process which deposits a non-single-crystal-silicon film and a 
:on nitride on the field field between the upper surface of the aforementioned single-crystal-silicon island, the side, 
the aforementioned single-crystal-silicon island one by one The selection removal process of removing alternatively 
y the aforementioned silicon nitride deposited on the side of the aforementioned single-crystal-silicon island, and the 
>rming process which oxidizes thermally alternatively the aforementioned non-single-crystal-silicon film which was 
osed only to the side of the aforementioned single-crystal-silicon island, and reforms this to a silicon oxide 
aim 3] The claim 2 characterized by providing the following The deposition process which deposits the silicon oxide 
vhich the etching rate in a ramp has a very larger property than that in a flat part on the aforementioned silicon nitride 
; removal process which removes only the aforementioned silicon oxide deposited on the side of the aforementioned 
>le-crystal-silicon island on a self-adjustment target in hydrofluoric-acid solution, and the removal process which 
loves the aforementioned silicon nitride exposed by the lateral portion of the aforementioned single-crystal-silicon 
nd by using the aforementioned silicon oxide as a mask 



anslation done.] 
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TAILED D ESCRIPTION 

rtailed Description of the Invention] 
01] 

iustrial Application] this invention relates to the MOS transistor and its manufacture method of the mesa type 

ation construction formed in the single-crystal-silicon island on an insulating layer. 

02] 

iscription of the Prior Art] When making an MOS IC in a single-crystal-silicon layer using the SOI (Silicon On 
alator) substrate of the structure where embedded with the single-crystal-silicon layer and the laminating of a silicon 
de and the single-crystal-silicon substrate was carried out one by one, there is a mesa type separation method as one 
he methods of carrying out insulating separation of each MOS transistor mutually. This separation method is a 
thod of removing all the single-crystal-silicon layers of the field except the field which forms an MOS transistor, and 
t manufacture is easy and since it has the feature that an isolation region can also be narrowed, it is used abundantly. 
03] Drawing 10 - drawing 12 are the cross sections showing the manufacturing process of the n channel MOS 
isistor of the conventional mesa type isolation construction. Moreover, drawing 12 and drawing 13 are the cross 
tions showing the structure of this n channel MOS transistor. After explaining the outline of the conventional 
aufacture method here using drawing 10 - draw ing 12 , the problem of structure is conventionally explained based on 
wing 12 and drawing 13 . 

04] The SOI substrate of the structure where embedded with the single-crystal-silicon layer 20 of p form, and the 
linating of a silicon oxide 21 and the single-crystal-silicon substrate 22 of p form was carried out one by one as 
■wn in drawing 10 is used as a start substrate, first, the silicon oxide 23 with a thickness of about 5nm is formed in the 
at face of the single-crystal-silicon layer 20 by thermal oxidation, and a silicon oxide 23 and the single-crystal-silicon 
er 20 are removed by the anisotropic etching technique one by one by using the pattemized resist 24 as a mask after 
t. By this, thickness embeds the single-crystal-silicon island 25 of p form which it is before and after 0.4 
:rometers, and forms on a silicon oxide 21 . 

05] Next, as shown in drawing. ll , after removing a silicon oxide 23, the upper surface and the side of the single- 
stal-silicon island 25 are oxidized thermally, for example, the gate silicon oxide 26 whose thickness is 20nm is 
med. Then, the polycrystal silicon film 27 is deposited on the thickness of 0.3 micrometers in reduced pressure CVD. 

•06] Next, the polycrystal silicon film 27 is processed by using as a mask the resist pattemized as shown in drawing 
, and the polycrystal silicon electrode 28 for the gates is formed. Then, the ion implantation of n form impurity is 
formed by using the polycrystal silicon electrode 28 as a mask, and the source field 29 and the drain electrode 30 of n 
m are formed. At this time, the semiconductor region of p form located directly under the polycrystal silicon 
ctrode 28 through the gate silicon oxide 26 turns into the channel field 31. Then, after thickness deposits the 
;sivation film 32 around 0.3 micrometers in CVD and is wearing an element front face, the source electrode 33 and 
drain electrode 34 are formed, and an n channel MOS transistor is completed. 
i07] 

oblem(s) to be Solved by the Invention] However, the n channel MOS transistor of the mesa type isolation 

istruction formed by such manufacture method had the problem of the increase of a leakage current (it is henceforth 

led the leakage current between source drains) and the fall of the dielectric breakdown voltage of the gate silicon 

de 26 which are generated between the source field 29 and the drain field 30. This cause is in the configuration of the 

e silicon oxide 26, and the ununiformity of thickness, and explains this detail using drawing J 3 . 

)08] Drawing 13 shows the cross-section structure when ****(ing) the MOS transistor shown in drawing 12 along 

h a X-X' line. In this drawing, the gate silicon oxide 26 is formed in convex in the upper-limit section A of the side of 
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channel field 31, and the thickness is decreasing even to the half grade by the bottom edge B of the aforementioned 
The threshold voltage of the local parasitism MOS transistor which makes the silicon oxide in these upper-limits 
ion A and a bottom edge B a gate silicon oxide becomes very small as compared with it of the main MOS transistor 
ch makes the silicon oxide in the upper surface of the channel field 31 a gate silicon oxide. For this reason, even if a 
n MOS transistor is in an OFF state, a parasitism MOS transistor will be in an ON state or the semi- ON state near 
, consequently the leakage current between source drains increases over several figures. 

09] Drawing 14 shows the sub threshold level property of the n channel MOS transistor of the mesa type isolation 
struction manufactured by the Prior art as an example. The sub threshold level property of the n channel MOS 
isistor of the structure where a parasitism MOS transistor is not formed is also collectively shown in this drawing. In 
example, as for the leakage current between source drains in gate- voltage OV, no less than 5 figures are increasing 
forming a parasitism MOS transistor. On the other hand, by the bottom edge B of drawing.1.3 , the thickness of the 
3 silicon oxide 26 is thin even to a half grade, and the dielectric breakdown voltage of the gate silicon oxide 26 also 
s sharply from a bird clapper. 

10] Therefore, this invention is made in order to solve the conventional problem mentioned above, and the purpose is 

:xcelling in an electrical property and offering a reliable MOS transistor and its manufacture method. 

11] 

sans for Solving the Problem] In order to attain such a purpose, a gate silicon oxide has thickness thicker than the 
ier surface of a single-crystal-silicon island on the side, and the MOS transistor by this invention is taken as the stair- 
! cross-section configuration to which it is thick further thin by the bottom edge from the upper-limit section on the 

2 of a parenthesis. Moreover, the manufacture method of the MOS transistor by this invention oxidizes the 
ycrystal silicon film of a ground thermally alternatively by using as a mask the silicon nitride which ******(ed) only 
side of a single-crystal-silicon island by the self-having-consistency method, and forms a gate silicon oxide with 
:kness thicker than the upper surface in the side of this single-crystal-silicon island by this. 

12] 

notion] In this invention, the threshold voltage of the parasitism MOS transistor formed in the side of a single- 
stal-silicon island can be made larger than that of the main MOS transistor formed in the upper surface. For this 
son, the leakage current between source drains can be reduced sharply. Moreover, since a gate silicon oxide with 
:k thickness can be formed in the side of this single-crystal-silicon island, especially a bottom edge, the fall of the 
lectric breakdown voltage of a gate silicon oxide can be prevented. 
13] 

;ample] Hereafter, the example of this invention is explained in detail using a drawing. Drawing.! is the cross section 
in n channel MOS transistor showing the cross-section structure by 1 of the MOS transistor by this invention 
mple, and is the cross-section structure when ****(ing) an element in the direction in which the source and the drain 
ed each other in this drawing. Moreover, drawing_2 is the cross section showing the cross-section structure when 
! *(ing) along with the X-X' line of an MOS transistor shown in drawing 1 . drawing_l - setting - 2 - an embedding 
con oxide and 3 - a single-crystal-silicon substrate and 6 - a single-crystal-silicon island and 12 - a gate silicon 
de and 13 - for a drain electrode and 16, as for a passivation film and 18, a channel field and 17 are [ a polycrystal 
con electrode and 147 a source field and 15 / a source electrode and 19 ] drain electrodes 

14] In drawing 2 , the gate silicon oxide 12 has thickness thicker than the upper surface of the single-crystal-silicon 
md 6 on the side. Moreover, from the upper-limit section A of the side, by the bottom edge B, since thickness is still 
:ker, this gate silicon oxide 12 has the stair-like cross-section configuration by which steepness was eased. Since the 
e silicon oxide 12 has the feature on such a configuration, the parasitism MOS transistor formed in the side of the 
gle-crystal-silicon island 6 is made with inactive, and the leakage current between source drains can be reduced 
rply. Moreover, the fall of the dielectric breakdown voltage of the gate silicon oxide 12 generated on the side can 

3 be prevented. From furthermore the steepness of the side being eased, the problem called stage piece of electrode 
ing is also mitigable. 

►15] Drawing 3 - drawing 9 are the cross sections of the process explaining one example of the manufacture method 
:he n channel MOS transistor by this invention shown in drawing 1 . The silicon oxide 4 with a thickness of 5nm is 
st formed in the front face of the single-crystal -silicon layer 1 by thermal oxidation by using as a start substrate the 
I substrate of the structure where the laminating of p form single-crystal-silicon layer 1 around lOOnm in thickness, 
embedding silicon oxide 2 around lOOnm in thickness, and the p form single-crystal-silicon substrate 3 was carried 
: one by one as shown in drawing 3 . Then, a silicon oxide 4 and the single-crystal-silicon layer 1 are removed by the 
sotropic etching technique one by one by using the patternized resist 5 as a mask. By this, the single-crystal-silicon 
md 6 of p form is embedded, and it forms on a silicon oxide 2. 
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6] Next, as shown in dr awin g 4 , after removing a resist 5 and a silicon oxide 4, the silicon oxide 7 with a thickness 
bout lOnm is formed in the upper surface and the side of the single-crystal-silicon island 6 by thermal oxidation, 
n, the silicon nitride 9 around 50nm in thickness which deposits the polycrystal silicon film 8 on the thickness of 
it 30nm and has oxidation resistance continuously by reduced pressure CVD is deposited. In addition, you may 
Dsit an amorphous silicon film instead of the polycrystal silicon film 9. However, this amorphous silicon film is 
rmed on a polycrystal silicon film at a next heat treatment process. 

1 7] Next, as shown in drawing 5 , the silicon oxide 10 with a thickness of about 200nm is deposited by the efficient 
sumer response plasma depositing method, and only the silicon oxide 10 deposited on the side of the single-crystal- 
»n island 6 in hydrofluoric-acid solution is removed on a self-adjustment target after that. At this time, since it is 
11 about 2 figures as compared with the silicon oxide 10 deposited on the side on which the etching rate mentioned 
ve the silicon oxide 10 deposited on the upper surface and the field field of the single-crystal-silicon island 6, it only 
******* s slightly. This unique etching property that the silicon oxide 10 formed by the efficient consumer response 
una depositing method shows For example, well-known reference () [ Journal of The ] Electrochemical Society 
:hara et al. and "Planar Interconnection Technology for LSI Fabrication Utilizing Lift-off Process, "Journal of The 
itrochemical Society, Vol.131, No.2, pp.4 19-424, and 1984.] It is indicated. 

18] Next, as shown in drawing 6 , the silicon nitride 9 which the front face exposed by using a silicon oxide 10 as a 
;k is removed in heat phosphoric-acid solution, and a silicon oxide 10 is removed in after that, for example, 
rofluoric acid, solution. It exposes only on the side of the single-crystal-silicon island 6, and the polycrystal silicon 
i 8 is covered by this by the silicon nitride 9 in other fields. 

19] Next, the polycrystal silicon film 8 exposed as shown in drawing 7 is oxidized thermally, and this is all reformed 
silicon oxide 1 1 . Since the thickness of the polycrystal silicon film 8 is 30nm at this time, the thickness of the 
xm oxide 1 1 oxidized and obtained in this is set to about 2.2 times as many 66nm as this. Since the thickness of the 
x>n oxide 7 which is the ground of the polycrystal silicon film 8 is lOnm, in the case of this example, the silicon 
ie 1 1 of 76nm ** will be formed at the side of the single-crystal-silicon island 6. 

20] Next, as shown in drawing 8 , the silicon nitride 9 is removed using heat phosphoric-acid solution, and the 
/crystal silicon film 8 is continuously removed for example, by the efficient consumer response etching method. 
:n, the silicon oxide 7 with a thickness of 1 Onm currently formed in the upper surface of the single-crystal-silicon 
nd 6 is removed for example, in hydrofluoric-acid solution. Since the front face is removed also for the silicon oxide 
currently formed in the side of the single-crystal-silicon island 6 at this time, the thickness is set to 66nm. In addition, 
it is necessary is just to enlarge thickness of the polycrystal silicon film 8 of drawing.4 mentioned above to make still 
leer the silicon oxide 1 1 which it leaves to the side of the single-crystal-silicon island 6. 

21] Next, as shown in drawing 9 , according to the manufacturing process of the usual MOS transistor, the gate 
zon oxide 12 of 20nm ** is formed by thermal oxidation, and the polycrystal silicon electrode 13 for the gates with a 
ikness of about 300nm is first deposited and processed into the upper surface of the single-crystal-silicon island 6 of 
>rm continuously. Then, the ion implantation of n form impurity is performed by using the polycrystal silicon 
strode 1 3 as a mask, and the source field 1 4 and the drain electrode 1 5 of n form are formed. At this time, p form 
son field of gate silicon-oxide 12 directly under turns into the channel field 16. Then, the passivation film 17 is 
.osited, electrode contact is ****(ed) further, finally the source electrode 18 and the drain electrode 19 are given, and 
a channel MOS transistor is obtained. 

22] In addition, in the example mentioned above, although the n channel MOS transistor was explained as an MOS 
isistor, naturally of course [ even when it applies to a p channel MOS transistor it is essentially the same only by the 
es of an impurity differing, and ], this is also contained in this invention. 
23] 

feet of the Invention] As mentioned above, as explained, according to the MOS transistor by this invention, and its 
nufacture method, an effect which is explained below and which was extremely excellent is acquired. 
A gate silicon oxide with thickness thicker than the upper surface can be formed in the side of the single-crystal- 
con island which forms an MOS transistor with a sufficient controllability. For this reason, the parasitism MOS 
isistor formed on the side is easily made with inactive, and the leakage current between source drains can be reduced 
jply. Moreover, proof-pressure degradation of the gate silicon oxide generated on the side can also be prevented, 
ice steepness is furthermore eased on the side of a single-crystal -silicon island, an electrode wiring piece here is 
:igable. Therefore, if the structure in this invention is adopted, it excels in an electrical property and a reliable MOS 
isistor can be realized. . 
The thick gate silicon oxide which it leaves to the side of a single-crystal-sihcon island is formed by the selt-having- 
lsistency method. For this reason, it does not depend for the thickness and the configuration of a gate silicon oxide on 
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flat-surface configuration and size of a single-crystal-silicon island. Therefore, when arranging many MOS 
sistors on 1 chip, flexibility is high and can also attain high integration. 



inslation done.] 
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an Patent Office is not responsible for any 
ages caused by the use of this translation. 

lis document has been translated by computer. So the translation may not reflect the original precisely. 
** shows the word which can not be translated. , 
the drawings, any words are not translated. 
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